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© In order to obtain an EPROM memory array with 
high compactness and the possibility of asymmet- 
rically doping the channel, an array is proposed 
which comprises a substrate (1) having a first con- 
ductivity type, first and second bit lines (2,3) having 
the opposite conductivity type and extending parallel 
and mutually alternated in the substrate, a plurality 
of thick insulating material regions (4) extending at 
least partially in the substrate above and parallel to 
the first bit lines (2). a plurality of floating gate 
regions (5) extending above the substrate perpen- 



dicular to and between adjacent pairs of bit lines 
(2,3), a plurality of word lines (7) extending per- 
pendicular to the bit lines and above, but electrically 
insulated from, the floating gate regions (5). wherein 
the second bit lines (3) extend up to the surface of 
the substrate and define unburied bit lines to the 
side whereof it is possible to provide enriched chan- 
nel regions (13). The unburied bit lines (3) can 
furthermore be subjected to a siliciding process to 
reduce series resistance. 
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The present invention relates to an EPROM 
memory array with crosspoint configuration and to 
a method for its manufacture. 

As is known, EPROM arrays with comport 
configuration have source and drain lines wh.ch 
Sne the bit lines, extend mutually parallel and 
alternated and are perpendicular to the word l,nes 

define? by gate lines. „ al , e it :„ 

It is also known that in EPROM cells it .s 
necessary to make two requirements coex.st on 
m hand, to have a high read current to optimize 
Z speed of the cel.. on the other to have a 
structure which allows sufficient multJpl.caf.on and 
therefore ensures a good writing efficiency of the 
cell 

These requirements are mutually opposite 
since the first condition is favored by low channel 
doping levels, whereas the second requires h gh 
doping levels in the channel proximate to the dram 
junction. A doping level which provides the best 
compromise between these two requ.rements is 
therefore usually adopted. *, 0 ,. ha nnPi 
A better solution consists m doping the channel 
more heavily only on the drain side^Th , hghar 
doping does not reflect in a decrease of the read 
current, since the affected region, being proximate 
to the drain junction, depletes dunng wading Fur- 
thermore, in the case of cells with asymmetrical 
doping, it is also possible to invert the source and 
the drain during reading and writing, using, as the 
drain, the more heavy doped side during writing 
and the less doped side during reading so as to 
minimize unwanted writing of unselected ceils (so- 
called "soft writing*'). 

Cells with asymmetrical dopings of this kind 
have been manufactured using a mask which is 
aligned with the center line of the gate, covering 
J side toward the source and leaving open me 
channel toward the drain. However as the size 
decreases it becomes extremely critic* to align a 
mask on a gate the width whereof can be less then 

°' 8 Conventional EPROM cells furthermore have 
the disadvantage of not allowing size reduction due 
to the critical-ties caused by the small size of toe 
contacts, by the difficulties in shaping^ ^P** <*« 
geometries with overlapping gates and by the h.gh 
density of the contacts. 

in order to solve this problem, a structure has 
already been proposed (see the article "High Den- 
TooLJss, Self Aligned EPROM Cell An-ay 
Technology". J- Esquivel et al.. IEEE, 1986 pages 
192-995) with bit lines buried under a thick ox.de 
grown with a local oxidation method, so that toe 
memory ceil is symmetrical with respect to toe 



source and drain diffusions. This structure advanta- 
geously solves the problem of reducing the array 
size, allowing an area saving of up to 33% with 
respect to toe preceding conventional solutions, but 
5 does not allow the asymmetrical doping of the 
drain lines with respect to the source ones and 
therefore does not provide optimum results s as re- 
gards the electric characteristics of the memory 

w ^Given this situation, the aim of the present 
invention is to provide an EPROM memory array 
with crosspoint configuration and a method for its 
manufacture which solve the disadvantages i of the 
prior art and in particular offers the poss.bil.ty o 
J5 asymmetrically doping the drain lines with respect 
to the source lines, with a structure which has a 
reduced bulk which can be compared to. or .s even 
smaller than, the bulk of the known structure wrth 

buried bit lines. . 
20 Within this aim. a particular obiect of the 
present invention is to provide a memory array and 
a method for its manufacture so that the array 
obtained has improved electric characteristics and 
in particular has toe possibility of reducing toe 
as series resistance of the drain line. 

Another object of the present invention is to 
provide a memory array and a ™thod for i s 
manufacture which do not entail complied or in 
any way critical method steps in v.ew of the ex- 
30 tremely small sizes currently required. 

Not least object of the present invention is to 
provide a memory array and a method for its 
manufacture which entail per se already known 
method steps such as to allow toe use of machines 
35 commonly used in the electronics industry, with 
easily controllable procedures and results. 

This aim. the objects mentioned and others 
which will become apparent hereinafter are 
achieved by an EPROM memory array wrth cros- 
40 spoint configuration and by a method for its manu- 
facture, as defined in the accompanying claims^ 

The characteristics and advantages of toe in- 
vention will become apparent from the d escnption 
of a preferred but not exclusive embodiment. illus- 
45 trated only by way of non-limitative example in the 
accompanying drawings, wherein: 

figure 1 is a top view of the memory array 
according to the invention; 

figures 2 to 5 are transverse sectional views 
50 across toe array of figure 1. taken along the lines 
ll-ll Ill-Ill. IV-IV and V-V respectively; 

' figures 6 to 10 are transverse sectional 
views, taken at the line ll-ll. across a silicon wafer 
in which the array according to the invention is 
formed, in successive manufacture steps; and 
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figures 11 and 12 are plan views of two 
masks used for the manufacture of the memory 
array according to the invention. 

Reference is initially made to figures 1 to 5, 
which illustrate the structure of the memory array 
according to the invention before the final steps for 
obtaining the insulating protective layer, the electric 
connections and the contacts. 

As can be seen, the memory array according 
to the invention comprises, in a semiconductor 
substrate 1, for. example of the P type, bit lines 2 
and* 3 which are mutually parallel and alternated 
and have N-type conductivity. In detail, the lines 2, 
which usually constitute source lines, are buried 
under a thick thermal oxide layer 4, whereas the 
lines 3, which usually constitute the drain lines, are 
arranged facing the upper main surface 18 of the 
substrate 1 (fig. 5). Floating gate areas 5 extend in 
a checkerboard-like manner above the surface 18 
at regions thereof extending between and partially 
overlapping the bit lines 2 and 3 and the thick 
oxide 4, and are electrically separated from the 
unburied bit lines 3 by a thin gate oxide layer 9, 
indicated by thick lines in the figures. Control gate 
lines 7 extend mutually parallel and perpendicular 
to the bit lines 2 and 3. Said control gate lines, 
which define word lines, are superimposed to and 
are aligned with the floating gate areas through a 
thin interpoly dielectric layer 10 (indicated with 
thick lines in the figure) and a "barrier" polysilicon 
layer 11. The structure furthermore comprises P*- 
type implanted regions 8 in the substrate zone 
laterally delimited by the bit lines 2 and 3 and by 
the word lines 7, in order to ensure isolation be- 
tween the bit lines. The figure also shows the P - 
type enriched regions 13 which extend in the sub- 
strate 1 and surround the unburied bit lines 3, so 
as to more heavily dope the channel (substrate 
region comprised between the lines 2 and 3 of 
figure 2) proximate to the drain or unburied bit line 
3. The figure finally shows the insulation regions 
12, constituted by a dielectric layer, which mutually 
separate the floating-gate areas 5 which belong to 
the different memory cells. 

It should be noted that in figure 1 , for a greater 
understanding of the structure, the thick oxide re- 
gions 4 have been indicated with negative-incfcna- 
tion lines (which are solid in the array zones in 
which said oxide regions are in view and are 
broken in the zones where they are covered by the 
control gate strips 7), the dielectric regions 12 
separating the floating gates 5 have been indicated 
by positive-inclination lines (in this case, too, solid 
or broken depending on whether they are in view 
or not), whereas the isolation regions 8 arranged 
between the word and bit lines (and covered by the 
thin layer 9) have been indicated by stippling. 
In practice, as can be clearly deduced from the 



drawing, only one of the two bit lines 2 and 3. i.e. 
the line 2, is buried under a thick oxide, whereas 
the other line 3 faces the surface of the substrate. 
In this manner it is possible to obtain asymmetrical 

5 source and drain diffusions, thus allowing different 
dopings in the channel side facing toward the drain 
with respect to the source side. This structure 
therefore allows to obtain a good writing efficiency 
though it maintains a high cell speed. 

to The unburied implementation of the bit line 3 is 
advantageous also for another reason, which is 
related to the possibility of siliciding said line (by 
virtue of a bond between the silicon and refractory 
metals, thereby forming silicide in a per se known 

75 manner) so as to reduce the series resistance of 
said bit line. 

The illustrated structure requires the decoding 
type which is typical of arrays with crosspoint con- 
figuration, known as virtual ground decoding. 

20 An example of method for manufacturing the 

memory array according to the invention is de- 
scribed hereafter with reference to figures 6 to 12. 

According to the present example, the starting 
material is a substrate or body 1 of semiconductor 

25 material, typically silicone with P-type conductivity 
or doping. A thermal oxide with a thickness com- 
prised between 50 and 300 A is grown thereon, 
and silicon nitride with a thickness comprised be- 
tween 800 and 3000 A is subsequently deposited, 

30 obtaining the layer illustrated in figure 6 and in- 
dicated by the reference numeral 15. The lithog- 
raphic definition of the active area mask and an 
anisotropic nitride etching are then performed to 
obtain windows at the regions in which the buried 

35 bit lines are to be provided. An N-type implant is 
then performed {as indicated in figure 6 by the 
arrows 16) for diffusing the buried bit lines. A 
thermal treatment is then performed for growing 
thick oxide bars in the windows opened in the 

40 nitride. The structure of figure 7, showing the re- 
gion 2 which defines the buried bit line and the 
oxide region 4 with a thickness comprised between 
1000 and 5000 A, is thus obtained. 

The nitride 15 is then removed with conven- 

45 tional techniques and a thin gate oxide layer, with a 
thickness comprised between 100 and 300 A, illus- 
trated with a thick line in figure 8 and indicated by 
the reference numeral 9, is grown. A first poly- 
silicon layer 5, intended to define the floating 

so gates, with a thickness comprised between 1000 
and 3000 A, is then deposited and subsequently 
doped with N-type ions. A thin interpoly dielectric 
layer is then deposited or grown with a thickness 
comprised between 100 and 300 A. Said layer is 

55 illustrated by the thick line 10 in the figure and can 
be constituted by oxide or so-called ONO (i.e. 
silicon oxide-silicon nitride-silicon oxide). A 
"barrier" polysilicon layer, indicated at 11 in figure 
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8 with a thickness comprised between 500 and 
3000 A, is then deposited. At this point the struc- 
ture is the one shown in figure 8. 

The floating gate masks which has the plan 
structure shown in figure 11, is then defined by 
photolithographic techniques. In said figure, the 
areas 20 correspond to the regions of the layer 5 
which must not be removed and which are in- 
tended to form the floating gate regions and the 
regions interposed between the floating gates of 
different words (these latter regions being subse- 
quently removed through the control gate mask). 
The areas indicated at 21 and 30. comprised be- 
tween the areas 20, are intended to delimit the 
portions of layer 5 to be removed in order to 
separate the floating gates of adjacent cells. Fur- 
thermore the areas 21, not extending over the 
oxide region 4, also define the pattern of the un- 
buried bit lines. 

Using this mask, the barrier polysilicon 11, the 
interpoly dielectric 10 and the first polysilicon 5 are 
anisotropic^ etched and P-type determining im- 
purities (typically boron) are implanted for enriching 
the channel proximate to the drain regions (see 
region 13 of figure 9). Then, if required, siiiciding of 
the uncovered surface of the substrate (siiiciding of 
the unburied bit line) is performed by means of per 
se known techniques, and an N-type arsenic im- 
plant is then performed to diffuse the unburied bit 
lines (forming the regions 3 after diffusion, as illus- 
trated in figure 9). A dielectric layer 12 (e.g. TEOS. 
tetraethylorthosilicate) with a thickness comprised 
between 3000 and 10000 A is then deposited, 
obtaining the structure illustrated in figure 9. 

The dielectric layer is then planarized until the 
layer 11 is uncovered by means of any of the 
known planarization techniques (e.g. by etch back, 
i e. chemical-physical plasma etching of matenals 
deposited by spinning or centrifugation). obtaining 
the structure of figure 10. 

A second polysilicon or polysilicide layer (the 
latter being a double layer of polysilicon and sili- 
cide) or an interconnection silicide defining the 
control gate layer 7 is then deposited with a thick- 
ness comprises between 2000 and 6000 A. The 
control gate mask (word lines), having the profile 
illustrated in figure 12, in which the areas 22 cor- 
respond to the regions of the layer 7 which define 
the word lines, is then defined photolithographical- 
|y This figure also illustrates, in broken lines, the 
floating gate mask to point out the relative position. 
The layer 7, the barrier polysilicon 11. the interpoly 
dielectric 10 and the first polysilicon layer 5 are 
then selectively etched to uncover portions of the 
thick oxide 4, of the dielectric 12 and of the gate 
oxide 9, thus end shaping the floating gates 5 and 
the control gate lines 7 (word lines), finally. P type 
isolation is implanted in the substrate to obtain the 



isolation regions 8. The structure shown in figures 
1-5 and already described is thus obtained. 

The method then continues with conventional 
steps for manufacturing the array, which comprise, 
s i.a., deposition and shaping of interconnections and 
contacts and covering with insulating protection 
layers. 

As can be seen from the preceding descnpton, 
the described embodiment achieves the intended 
70 aim and objects. A memory array has in fact been 
provided in which it is possible to asymmetrically 
dope the channel with a cell area which is smaller 
than, or equal to. the one proposed by the above 
mentioned article for equal design rules and equal 
r5 technologies used. The structure of the proposed 
array does not require critical method steps for its 
manufacture since due to its intrinsic asymmetry it 
allows the channel to be doped at the drain facing 
part differently from the source facing part without 
20 having to use masks. In fact, after growing the thick 
oxide which overlies the buried bit tine and after 
defining the floating gate, it is possible, as illus- 
trated above, to perform a boron implant which 
increases the channel concentration only on the 
25 drain facing part. 

Said boron implant is self-aligned with respect 
to the unburied bit line, exploiting the floating gate 
mask, thus providing high accuracy with no in- 
crease in the number of method steps. 
30 The possibility of performing siiiciding of one 
of the two bit lines, thus decreasing its series 
resistance, is furthermore advantageous. 

The invention thus conceived is susceptible to 
numerous modifications and variations, all of which 
35 are within the scope of the inventive concept. In 
particular, the fact is stressed that though, in the 
description, the bit line buried under the thick oxide 
has been assumed to define the source line and 
the unburied one has been assumed to define the 
40 drain, if a greater implant of the channel at the 
drain facing side is not desired, the cell is perfectly 
symmetrical with respect to source and drain, and 
they can be mutually inverted if required. In this 
case, there is still the advantageous possibility of 
45 siiiciding the unburied line, be it the drain or 
source. 

Even in the case of asymmetrical doping, the 
source and drain lines can furthermore be mutually 
inverted in writing and reading, as explained above, 
so to minimize soft writing. 

All the details may finally be replaced with 
other technically equivalent ones. 

Where technical features mentioned in any 
claim are followed by reference signs, those refer- 
55 ence signs have been included for the sole pur- 
pose of increasing the intelligibility of the claims 
and accordingly such reference signs do not have 
any limiting effect on the scope of each element 
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identified by way of example by such reference 
signs. 

Claims 

1. An EPROM memory array with crosspoint 
configuration, comprising a semiconductor material 
body (1) with a first conductivity type defining a 
main surface (18), a plurality of source and drain 
(2,3) regions with a second conductivity type op- 
posite to the first conductivity type, said source 
and drain regions extending alternately and parallel 
to one another in said semiconductor material 
body, said plurality of source and drain regions 
defining first and second bit lines (2,3), a plurality 
of insulation material regions (4) extending at least 
partially in said semiconductor material body (1) 
above said first bit lines (2) and parallel to said bit 
lines (2,3). a plurality of floating gate regions (5) 
extending above said semiconductor material body 
(1) perpendicular to said bit lines between adjacent 
pairs of bit lines (2,3), a plurality of word lines (7) 
extending perpendicular to said bit lines (2,3) and 
above but electrically insulated from said floating 
gate regions (5), characterized in that said second 
bit lines (3) extend up to said main surface (18) of 
said semiconductor material body (1). 

2. An array according to claim 1 , characterized 
by a plurality of enriched regions (13) of said first 
conductivity type but with a higher level of doping 
impurities than said semiconductor material body 

(1) , said enriched regions (13) extending parallel to 
said second bit lines (3), between said second bit 
lines (3) and said semiconductor material body (1). 

3. An array according to the any of the preced- 
ing claims, characterized in that said first bit lines 

(2) define source lines and said second bit lines (3) 
define drain lines. 

4. An array according to any of the preceding 
claims, characterized in that said second bit lines 

(3) comprise silicide. 

5. An array according to any of the preceding 
claims, characterized by isolation regions (8) of 
said first conductivity type, said isolation regions 
(8) being accommodated in said semiconductor 
material body (1) and being delimited between said 
bit lines (2,3) and said word lines (7). 

6. In semiconductor material body having a 
first conductivity type and defining a main surface, 
a method for manufacturing an EPROM. memory 
array with crosspoint configuration, characterized 
by the steps of: 

- forming a plurality of first buried bit lines having a 
second conductivity type and extending parallel to 
each other in said semiconductor body. 

- forming a plurality of insulation material regions 
extending on said first buried bit lines and partially 



in said semiconductor material body, 

- forming a plurality of second bit lines extending in 
said semiconductor material body up to said main 
surface thereof parallel to and between adjacent 

5 pairs of said first buried bit lines, 

- forming floating gate regions above said main 
surface of said semiconductor material body and in 
part on said insulation material regions perpendicu- 
lar to said first and second bit lines and between 

io two adjacent first and second bit lines, and 

- forming word lines extending perpendicular to 
said first and second bit lines above and elec- 
trically insulated from said floating gate regions. 

7. A method according to claim 6, character- 
75 ized by the steps of: 

- selectively introducing, in said semiconductor ma- 
terial body first doping ion species with a second 
conductivity type opposite to the first conductivity 
type, for defining the first buried bit lines; 

20 - forming insulation material regions above said 
first bit iines and at least partially inside said semi- 
conductor material body; 

- depositing and shaping a first semiconductor ma- 
terial layer on said main surface for forming the 

25 floating gate regions, said first semiconductor ma- 
terial layer having windows facing selective por- 
tions of said main surface of said semiconductor 
material body; 

- selectively introducing second doping ion species 
30 having said second conductivity type into said 

semiconductor material body through said win- 
dows, for defining the second unburied bit lines; 

- depositing an insulating layer above said first 
semiconductor material layer and above said semi- 

35 conductor material body at said windows; 

- depositing and shaping a second semiconductor 
material layer above said insulating layer for for- 
ming word lines which are perpendicular to said bit 
lines; and 

40 - introducing third doping ion species having said 
first conductivity type into said semiconductor ma- 
terial body for forming isolation regions between 
said word lines and said bit lines. 

8. A method according to claim 7, character- 
45 ized in that before introducing second doping ion 

species for defining said second unburied bit lines, 
fourth doping ion species having said first con- 
ductivity type are selectively introduced to form 
enriched regions in said semiconductor material 
so body around said unburied bit lines. 

9. A method according to any of the preceding 
claims 6-7, characterized by a siliciding step after 
introducing fourth doping ion species for forming 
said enriched regions and before introducing sec- 

55 ond doping ion species for defining said second bit 
lines. 
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© In order to obtain an EPROM memory array with 
high compactness and the possibility of asymmet- 
rically doping the channel, an array is proposed 
which comprises a substrate (1) having a first con- 
ductivity type, first and second bit lines (2,3) having 
the opposite conductivity type and extending parallel 
and mutually alternated in the substrate, a plurality 
of thick insulating material regions (4) extending at 
least partially in the substrate above and parallel to 
the first bit lines (2), a plurality of floating gate 
regions (5) extending above the substrate perpen- 
dicular to and between adjacent pairs of bit lines 
(2,3), a plurality of word lines (7) extending per- 
pendicular to the bit lines and above, but electrically 
insulated from, the floating gate regions (5). wherein 
the second bit lines (3) extend up to the surface of 
the substrate and define unburied bit lines to the 
side whereof it is possible to provide enriched chan- 
nel regions (13). The unburied bit lines (3) can 
furthermore be subjected to a siliciding process to 
reduce series resistance. 
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